Enlarged FAMSBASE is a relational database of comparative protein structure models for the whole genome of 41 species, presented in the GTOP database. The models are calculated by Full Automatic Modeling System (FAMS). Enlarged FAMSBASE provides a wide range of query keys, such as name of ORF (open reading frame), ORF keywords, Protein Data Bank (PDB) ID, PDB heterogen atoms and sequence similarity. Heterogen atoms in PDB include cofactors, ligands and other factors that interact with proteins, and are a good starting point for analyzing interactions between proteins and other molecules. The data may also work as a template for drug design. The present number of ORFs with protein 3D models in FAMSBASE is 183 805, and the database includes an average of three models for each ORF. FAMSBASE is available at http://famsbase.bio. nagoya-u.ac.jp/famsbase/.
INTRODUCTION
Genome sequencing projects have generated an enormous amount of protein sequence information (1) . About half of the encoded amino acid sequences are for proteins of unknown function (2) , and computational and experimental methods have been developed to obtain any functional information on these proteins (3) . Proteins only function when they correctly fold, and the three dimensional (3D) structure of proteins is one of the most important pieces of information for predicting function (4) . Functional sites are dispersed in a protein's amino acid sequence, but upon folding are placed in close spatial relationship. In an enzyme, for instance, a ligand binds to a pocket on the surface of the protein, and the structure of the pocket basically determines which ligands can interact with the enzyme. In order to assess the function of these unstudied proteins, structural genomic projects have been started. However, one cannot determine every protein 3D structure within a reasonable time, and therefore, homology modeling will play an important role in the coming era of structural genomics (5) . Thus, assessing the ratio of ORFs whose protein 3D structures can be modeled by the present homology modeling methods is important for the methods and for deciding target sequences for structural genomics. An appropriate target selection for the structural genomics will effectively increase template structures for the homology modeling.
We developed enlarged FAMSBASE, a database of protein homology modeling against the whole genomes of 41 species by expanding former FAMSBASE against genomes of two species (6, 7) . The details of FAMSBASE will be published elsewhere (Umeyama et al., in preparation.) In this report, we describe the features and statistics of enlarged FAMSBASE.
FEATURES OF FAMSBASE
FAMSBASE is a PostgreSQL driven relational database. Homology modeling requires template searching, sequence alignment between template and target sequences and modeling. In FAMSBASE, template searching and sequence alignment are wholly based on the GTOP database (8) . In the 2001 version of GTOP database, the whole genome sequences of 41 species were processed through PSI-BLAST analysis (9) against the amino acid sequences of proteins in the Protein Data Bank (PDB) (10) . ORFs in genome sequences with E-values from PSI-BLAST results of less than 0.001 were treated as ORFs having template structures. Every ORF with corresponding 3D structure in PDB is automatically modeled by FAMS (Full Automatic Modeling System) (11) , and the atomic coordinates of such models are stored in FAMSBASE. FAMS participated in CAFASP2, the second Critical Assessment of Fully Automated Structure Prediction, and outperformed other methods (12, 13) . Based on a template protein and a pairwise alignment found by PSI-BLAST with a threshold Evalue of 0.001, FAMS first builds a protein backbone by minimizing the conformational energy with a simulated annealing method, and then generates side chains for each residue. The main chain is then optimized with a constraint on all side chains. The above procedure is iteratively applied. The details of the procedure will be explained elsewhere (Umeyama et al., in preparation). FAMS is now accessible at http://physchem.pharm.kitasato-u.ac.jp/. Model building of those ORFs has been carried out on 1000 nodes of PC clusters. The operating system will be published elsewhere (Umeyama et al., in preparation).
Enlarged FAMSBASE is located at http://famsbase.bio. nagoya-u.ac.jp/famsbase/ and freely accessible from academic sites. For accesses from a company, restrictions have been imposed. In enlarged FAMSBASE, one can find a protein 3D structure of a certain ORF by gene name, PDB ID of the template, or keywords, or alternatively, one can also search the modeled structure using FASTA sequence search tool (14) (Fig. 1) . In enlarged FAMSBASE a search can also be performed using names of PDB heterogen atoms. Protein 3D structures are often determined with non-protein molecules, such as ATP, DNA and heme. When template structures for modeling include heterogen molecules, the modeled proteins may also bind similar molecules. In enlarged FAMSBASE, given a name of a heterogen molecule, one can find ORFs whose 3D structure templates have heterogen molecules, such as an ATP molecule on a transporter (Fig. 2 ). This information may suggest functionally important sites of the protein encoded by the ORFs. Other analyses, such as checking for conserved amino acid residues at the putative heterogenbinding sites and calculating binding energy should also be performed for rigorous binding site prediction.
STATISTICS IN FAMSBASE
Enlarged FAMSBASE contains protein 3D structure models for whole genomes of 41 species (Table 1 ). The number of ORFs with 3D structure is now 51 430. This number consists of about 42% of whole ORFs of 41 species (Table 1) . A percentage of 3D structures against the number of ORFs in the bacteriophage T4 genome is relatively small compared to that of other genomes. This is due to the sequence diversity of proteins encoded by the bacteriophage genome, and may reflect distinct evolution of this organism. In enlarged FAMSBASE, each ORF has at most five 3D structure models. The five models were created based on the top five hits using PSI-BLAST against PDB, as shown in GTOP. When the number of hits was less than five, all the hits were used as the template. The average number of models for each ORF was three. A user can compare the five models for a single ORF and assume a reliable 3D structure. When the modeled structures are completely different from one another, even though the models are supposed to be of the same domain, then the modeled structure is unreliable. The number of models in the current FAMSBASE is 183 805.
When each 3D structure of ORFs is checked in detail, one will find that only a few ORFs are fully modeled. Most 3D structure models are of parts of the ORFs, which are supposed to represent domains (Fig. 3) . This situation is, however, different among superkingdoms. In archaea and eubacteria genomes, more than 50% of all ORFs have 3D structures for a more than 80% portion of their ORFs. On average, 71% of each ORF in archaea and 68% of each ORF in eubacteria are modeled. In eukaryotic genomes, however, less than 40% of ORFs have 3D structures for a more than 80% portion of their ORFs. On average, a 39% portion of each ORF is modeled. This is a consequence of the multi-domain structure of proteins in eukaryotes (15) . Furthermore, it indicates that our knowledge of eukaryotic proteins is not sufficient to understand the whole structure of single proteins in eukaryotes. Knowledge of domain-domain interactions within single ORFs in eukaryotic proteins will be required soon. Even with X-ray crystallography, structural determination of an entire eukaryotic protein is a difficult task because of its large mass. The superfamilies of modeled structures differ among the three superkingdoms ( Table 2 ). The structures are classified based on the SCOP category (16) . The most common model in all three superkingdoms is a P-loop protein. After the P-loop, the most common folds differ among each superkingdom. In eukaryotes, protein kinase, homeodomain and EGF/Laminin nuclear receptor models are included in the top ten entries, and all of these domains are known to diverge in eukaryotic genomes (17) . This distribution is similar to that reported based on the whole genome protein fold assignment by Koonin et al. (18) . Enlarged FAMSBASE provides coordinates of each protein within the superfamily and provides a chance to analyze the differences among proteins of the same superfamily.
ACCURACY OF THE MODELS
The accuracy of modeled structures is known to depend on the level of sequence identity between target and modeled proteins (19) . The distribution of sequence identities in enlarged FAMSBASE is given in Figure 4 . About a quarter of all models have more than 25% sequence identity. The reliability of the models is expressed by Hubbard plots (20) (Fig. 5) . Since building the current enlarged FAMSBASE, the 3D structures of some target proteins have been determined. Comparison of the models in enlarged FAMSBASE with the real 3D structures is, therefore, a good blind test. When sequence identity is more than 25%, the model is reasonably Figure 3 . Percentage of modeled portions of each ORF. Difference in coverage of ORFs by 3D structure is shown in different colors, as explained in the right side of the figure. White means less than 10% of an amino acid sequence, light gray means more than 10% but less than 20%, dark gray means more than 20% but less than 30% of an amino acid sequence, and likewise. In archaeal and eubacterial genomes, more than half of the ORFs are modeled at a more than 90% portion of the sequences. In eukaryotic genomes, however, less than 30% of the ORFs are modeled at a more than 90% portion of the sequences. This is because eukaryotic proteins have long amino acid sequences and multi-domain organization (15). Homeodomain-like good, with the exception of a few cases. Of the 212 tested models, 181 (85%) have RMSD (root mean square deviation) less than 3.0 Å through at least 90% of the entire structure. About 75% of the models in enlarged FAMSBASE have less than 25% sequence identity. Even with models based on low sequence identity, appropriate analysis can be performed (19, 21) . In one case, a homology model based on an alignment of less than 18% sequence identity yielded a significant biological result (22) . Hubbard plots between the modeled protein 3D structures in enlarged FAMSBASE and the real target 3D structures, reported after building FAMSBASE and showing less than 25% sequence identity, are shown in Figure 6 . Of 237 examined models, 73 (31%) have RMSD less than 3.0 Å through at least 90% of the entire structure. The blind test suggests that at least 31% of the modeled structures with sequence identity less than 25%, that is 37 428 out of 120 737 modeled structures, were reasonably accurate.
Even with FAMS, protein 3D structures derived from only about 42% of ORFs were modeled. To generate protein 3D models of the entire ORF encoded in a genome, two efforts are underway. One is to let structural genomics projects solve protein structures that can be used as templates for a wide range of proteins. The other is to further improve the method of homology modeling to enable researchers to build highly reliable model structures based on a template of less than 20% sequence identity. With both efforts, the information from genome sequences will begin to be used for biologically important issues, such as functional site analyses, ligand docking and protein-protein interactions.
FUTURE DIRECTIONS
FAMSBASE will be expanded by increasing the number of genomes with protein 3D structures. Hubbard plots of 212 modeled 3D structures and real structures with sequence identity of more than 25%. The 3D structures of 212 proteins were determined after building enlarged FAMSBASE. The horizontal axis is the number of superimposed residues and the vertical axis is the best root mean square deviation given by the number of superimposed residues. A precise 3D model has a small RMSD for superimposition of many residues. An unreliable 3D model has a large RMSD for superimposition of a few residues. See reference 20 for detail. Figure 6 . Hubbard plots of modeled 3D structures and real structures with sequence identity less than 25%. The 3D structures of 237 proteins were determined after building enlarged FAMSBASE.
